The relaxed-core Hartree-Fock (RCHF) approach to the calculation of E-shell photoionization cross sections is analyzed and applied to I(-shell single-hole ionization in CO. A direct method based on the Schwinger variational principle and single-center-expansion techniques is used to generate the continuum orbitals associated with the motion of the photoelectron in the direct and exchange potential of the relaxed ion. A method is presented for evaluating the ¹lectron transition moment, a step that has posed a considerable computational obstacle due to the lack of orthogonality between the frozen and relaxed orbitals in the initial and final ¹lectron states, respectively. Besides being very practical and efficient, this formulation establishes the distinction between the "direct" and "conjugate" part of the transition moment, introducing bound-free dipole and overlap integrals, respectively.
I. INTRODUCTION Photoionization of atoms or molecules with sufficiently energetic photons generates highly excited ionic states characterized by a E-shell electron vacancy. ' The dominant process is the ejection of a single 1s electron refiected by a main peak in the photoelectron spectrum. Smaller peaks or satellites appearing at higher ionization energy are associated with shake-up (or shake-off) processes, where, in addition to the 1s hole, one or more valence electrons are excited. ' Typically, 30 -40% of the 1s-photoionization cross section may be diverted to these shake-up (shake-oS states. Prominent satellites states at low energy with intensities up to 10% of that of the main peak arise from the m-m' excitations in simple unsaturated molecules like N2 and CO.
The availability of tunable synchrotron radiation has made it possible to study the dynamics of the photoionization process, that is, to map the spectral intensities (partial photoionization cross sections) of individual ionic states as a function of photon energy. In the E-shell region several such studies have been carried out for the 1s-hole main state of atoms and molecules. ' In the case of N2 and CO, previously studied by electron energy loss and photoabsorption spectroscopy, " the most conspicuous feature in the molecular photoelectron spectrum is the occurrence of cr-type shape resonances. In the case of E-shell satellites, where the lower intensities make experiments more difficult, synchrotron-radiation studies have been performed for the noble-gas atoms He and Ar (Ref. E-shell (main) ionization since, to a good approximation, the 1s-continuum nonorthogonality can be neglected. As we shall see, this is a consequence of the core-valence separation (CVS) associated with the large energy difference of E-shell and valence levels and of the weak coupling matrix elements for states with different 1-shell occupation numbers. Secondly, the initial and final ¹lectron states are formulated in terms of mutually nonorthogonal sets of "relaxed" and "frozen" orbitals, complicating the evaluation of the ¹lectron transition moment. As a result the initial ground and final excited ¹lectron states lack strict orthogonality which introduces a dependence of the transition-moment matrix element on the origin of the molecular coordinate frame. This is clearly an artifact of the RCHF model. For EC-shell ionization we will show that the CVS approximation can be used to eliminate in a well-defined manner these unphysical contributions. 
To identify clearly the major contributions in Eq. (24} we consider the simplified amplitude obtained by setting S =1 and d~= (P, ld lgj ):
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Complications arise in the RCHF approximation due to the lack of strict orthogonality between the X-electron ground state~4 0 ) and the final (excited) states c"ch~40 ) or c"c,chc(~4O ), respectively. In the case of a singlehole ionic core the overlap integral may be evaluated as follows:~c
where the spectroscopic amplitudes x, ' ' are specified by Eq. (19). Similarly we find
shows that the relaxed orbital differs from the frozen one by the admixture of valence orbitals, the mixing coefficients being of the order of V", "/(e"-E, ). In Eq.
(33) y is a constant, depending on the specific RCHF treatment. Obviously, in the CVS approximation, the relaxed-and frozen-core orbitals are identical (up 
as can be readily shown, the quantity
we see that the effect of the conjugate contribution is to project out a certain part of the continuum orbital, namely, its occupied frozen-orbital components, as can be seen from the zeroth-order approximation to the projector [Eq. (36)),
is a non-Hermitian projection operator, and using this definition the amplitude A, k may be written as
N& .
(37) 
Here P is given by Eq. (36) and the "effective" overlaps are defined: 
where ( h lk') =0. Equation (51) 
The second-order contributions appearing here have been Here, the dipole operator components 
Here (l, m, l2mz~lm ) is the Clebsch-Gordan coefficient (l, m, l2m2~1, !2lm) in the notation of Edmonds.
VI. RKSUI TS AND DISCUSSION
A. C (1s) ionization Figure 1 shows the shape-resonant C ls photoioniza- Padial et al. ' in the FCHF approximation using the STMT method is again at variance with our frozen-core result even at high photon energy.
The decomposition of the relaxed-core 0 1s cross section into the ko and km subchannels is shown in Fig. 7 . Also plotted here are the direct parts of the respective cross sections, thus making apparent the role of the conjugate contributions. As in the C 1s ionization they result in a substantial enhancement of the cross section in both channels. Remarkably, the direct km cross section increases even at 100 eV above threshold, and the enhancement by the conjugate contribution is still of the order of 10%.
The frozen and relaxed photoelectron asymmetry parameters for 0 1s ionization are plotted in Fig. 8 (P, P)=V (f, P)U=V S U=b, .
As in (Al) and (A2) one may define Slater determinants i4'0 ) and I@ 0 ) for the sets of biorthogonalized orbitals P and P. Since U and V are unitary matrices the relations l~D N& =det(U)1~0 &, 
